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Abstract CaF2 Nanoparticles (NPs) were synthesized with a co-precipitation method and used in the
preparation series (Polyvinyl Alcohol (PVA)/CaF2 nanocomposite films) with different amounts of CaF2
NPs. The synthesized NPs and nanocomposite films were characterized by X-ray Diffraction (XRD),
Scanning Electron Microscopy (SEM), UV-Vis spectroscopy and Photoluminescence (PL) techniques. The
XRD results indicate the formation of CaF2 NPs with THE Cubic phase and the crystalline size is estimated
using Scherrer’s to be in the range 20–27 nm. SEM images of nanocomposite films show CaF2 NPs were
uniformly distributed on the PVA film surface. The optical absorption spectrum shows a strong absorption
edge at about 300 nm. The NPs PL spectrum shows a series of emission peaks at ∼394 and 790 nm, and
the PL band of PVA/CaF2 films attribute to n← π∗ electronic transition in non-bonding 2p2(O) electrons
in free OH groups in three (syndiotactic, atactic, and isotactic) conformers of PVA polymer molecules.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
CaF2 Nanoparticles (NPs) are a kind of alkali halides with
a wide band gap (12 eV) [1] and luminescence properties.
The band gap of CaF2 NPs in the PVA matrix decreases with
increasing the amount of CaF2 NPs. CaF2 NPs is a kind of
Up-Conversion (UC) luminescence material, which emits high-
energy photons after absorbing low-energy photons [2,3]. It has
been extensively studied in recent years because of its potential
applications, including advanced phosphor, and photonics [4],
its unique ability to produce a solid state laserwhen dopedwith
some Rare Earth (RE) ions [5,6], excellent UV transmittance
[7–10], and use as an Excimer laser. The Excimer laser is a
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doi:10.1016/j.scient.2012.05.008form of ultraviolet laser commonly used in the production of
microelectronic devices (semiconductor integrated circuits or
‘‘chips’’), eye surgery, and micromachining. This material can
be used as a beam delivery in photolithography [11,12] and
medical and biological labeling [13].
CaF2 NPs were synthesized with different methods, such
as sol–gel [14], co-precipitation [15], reverse micelle [16],
MBE [17], hydrothermal [18], and a spray-drying system with
a two liquid nozzle [19]. Up to now, several surface modifi-
cation methods have been developed; including encapsulating
up-conversion particles with polymers. The nanoparticles em-
bedded in solid or polymeric matrices can be modelled into
different functional components or processed into thin/thick
films for device applications. Polyvinyl alcohol (PVA) has excel-
lent film forming capacity, good transparency and compatibility
with additives [20]. Polymeric materials based on PVA are of-
ten exposed to the action of UV irradiation from the sun and/or
from artificial sources during the sterilization of biomaterials
[21].
In the present study, we report the synthesis and study
of optical properties of CaF2 NPs embedded in the polyvinyl
alcohol (PVA) matrix, CaF2 NPs fabricated by a co-precipitation
method.
evier B.V. Open access under CC BY-NC-ND license.
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2.1. Synthesis CaF2 NPs and nanocomposite films
We used pure CaCl2 from the Scharlau company (molecular
mass = 110.984), and NH4F from the Merck Company with
(molecular mass = 37.036) for synthesis of CaF2 NPs. For
synthesis of CaF2 NPs via the co-precipitation method, 0.01
mol CaCl2 was dissolved in 100 ml distilled water, then, 0.02
mol of NH4F was added the solution under vigorous stirring
by a magnetic stirrer. The mixed solution was stirred for 2 h
to transform gradually into an opaque white suspension. Then,
the resulting suspension was centrifuged for 10 min at 3000
rpm and washed five times with Ethanol via centrifugation to
remove the residual chloride and the ammonium ions.
For synthesis of PVA/CaF2 nanocomposite films, different
amounts of CaF2 NPs (1%, 2% and 4% weight percent in order ofFigure 2: SEM image of (a) CaF2 NPs and (b) PVA/CaF2 nanocomposite films with (A) Pure PVA, (B) 1% (wt%), (C) 4% (wt%) amount CaF2 NPs.
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(we used a water bath at T = 70 °C for dissolving the PVA
in water) and stirred. Finally, this solution was extracted into
the Petri-dishes and heated for 2 h in an oven at T = 80 °C.
After drying the layers, the average thickness of polymeric
nanocomposite films was almost 30 µm.
2.2. Characterization of CaF2 NPs and nanocomposite
The typical XRD spectra of the samples were obtained using
an X-ray diffractometer (Cu Kα line λ = 0.15406 nm). The
intensity was determined in the ranges of 10° < 2θ < 90°,
with 0.07° step size. The SEM and STM were used to observe
the size and morphology of the samples. For optical studies,
the absorption spectra of the NPs and films were obtained by a
UV-Vis spectrophotometer (UVD 2950), and the PL studieswere
carried out using (Ls 45) fluorescence spectrometer.
3. Results and discussions
3.1. Structural studies
Figure 1 shows the powder X-ray diffraction patterns the
synthesized CaF2 NPs by the co-precipitation method. All the
obtainedXRDpeaks are indexed into the CaF2 cubic phase of the
fluorite type structure with space group Fm3m. The crystallite
size was estimated using Scherrer’s formula, which was found
to be in the range 20–27 nm.
3.2. Morphological studies
We use SEM images for morphological analysis. Figure 2(a)
shows the SEM photograph of CaF2 powders. The SEM image
shows that NPs on the surface have a spherical shape and
some particles exhibited numerous spherical perturbances on
the surface, suggesting that they were formed during the
precipitation process [18].
Figure 2(b) shows SEM images of nanocomposite films (PVA
films with different amounts of CaF2 NPs). The images show an
increasing amount of CaF2 NPs in the PVA matrices and also
show that CaF2 NPs were uniformly distributed on the PVA film
surfaces.
3.3. Optical studies
Figure 3(a) shows the optical absorption of NPs when
measured at room temperature. The spectrum shows a strong
absorption band at 314 nm in the UV range. After adding
CaF2 NPs into the PVA matrix, optical absorption of the
nanocomposite films shows absolute change.
Figure 3(b) shows UV-Vis spectra of nanocomposite films
with various amounts of NPs in the PVA matrix. The peak
at about 200 nm is attributed to PVA absorption and the
absorption band, at about 300 nm, in the nanocomposite films,
was due to absorption of CaF2 NPs [22].
Figure 4 shows that the optical absorption edges of
the nanocomposite films are shifted towards the shorter
wavelength region by increasing the precursor concentration.
This blue shift in the optical absorption edge indicates the
formation of CaF2 particles in the PVA matrix in the nanometer
regime [20,22].
Band gap values of the films were obtained from the optical
absorption spectra by extrapolating the straight line plot of
(αhν)2 versus (hν) to the energy axis (see Figure 5(a)). The
particle size decreases at low concentrations of CaF2 NPs,Figure 3: Optical absorption spectrum of (a) CaF2 NPs, and (b) PVA/CaF2
nanocomposite films with (A) 1% (wt%), (B) 2% (wt%) and (C) 4% (wt%) amount
CaF2 NPs.
Figure 4: Plot of (αhν)2 versus (hν) for PVA/CaF2 nanocomposite films with
(a)1% (wt%), (b) 2% (wt%) and (c) 4% (wt%) amount of CaF2 NPs.
resulting in an increase in the energy bandgap. This is attributed
to the strong quantum confinement effect in precipitated NPs.
Murakoshi et al. have reported that experimental data for
the dependence of band gap with particle size agrees well
with EMA (effective mass approximation) with a good finite
potential, even for smaller sizes [23]. The energy band gap of
1982 O. Nakhaei et al. / Scientia Iranica, Transactions F: Nanotechnology 19 (2012) 1979–1983Figure 5: PL spectrum of (a) CaF2 NPs and (b) PVA/CaF2 nanocomposite films
with (A) Pure PVA, (B) 1% (wt%), (C) 2% (wt%) and (D) 4% (wt%) amount CaF2 NPs.
the nanocrystals is as given by Brus (Eq. (1)) [24].
Enp = Eg + h¯2 π2/2r2(1/m∗e + 1/m∗h)− 1.8e2/4πϵ0ϵr r, (1)
where Enp is the band gap of the CaF2 nanoparticle, Eg the band
gap of bulk CaF2, m∗e the effective mass of electron, m∗h the
effectivemass of hole, r the radius of the particle, ϵ the dielectric
constant and ϵ0 the permittivity of free space. This formula
shows that by increasing NPs size (r), the energy band of the
nanocrystals decreases.
Figure 5(a) shows the PL emission spectrum of the CaF2 NPs.
The PL spectrum shows a series of emission peaks at ∼380
and 768 nm when the sample was excited at 394.4 nm. These
peaks attribute to surface defects, like Schottky and Frenkel,
which exist in the lattice structure of alkali halides at different
temperatures. These kinds of vacancies, present on the surface
of NPs, cause the PL peaks to occur at different wavelengths, in
visible range [18]. Also, Pandurangappa et al. observed similar
emissions at∼350 nm in CaF2 NPs.
Figure 5(b) shows the photoluminescence spectra of
nanocomposite films at room temperature. The spectra show
increasing PL intensity nanocomposite films, rather than pure
PVA film. Also, the spectra showmore PL peaks than the PL spec-
trum of CaF2 NPs.
A PVA polymer molecule consists of monomer
units. The stereoregularity of the OH groups along the backbone
chain generates isotactic, syndiotactic and atactic (threedistinct) polymer configurations. So, the PL band occurring at
600–700 nm is attributed to a resonance electronic excitation
with the vibronic levels of the O–H stretching vibration
[25].
4. Conclusions
PVA/CaF2 nanocomposite films were prepared successfully
for the first time, and the PVA/CaF2 nanocomposite and CaF2
NPs were characterized by XRD, SEM, UV-Vis spectroscopy
techniques and the PL spectrum. SEM images show CaF2 NPs
were uniformly distributed on the PVA film surfaces. The
UV-Vis spectrum of nanocomposite film shows a blue shift
in the optical absorption edge, and a decrease in band gap
with an increase in precursor concentration. The PL spectra
show that adding CaF2 NPs in PVA matrices improves the
photoluminescence properties of CaF2 NPs. More PL peaks
observe on PVA/CaF2 nanocomposite films than CaF2 NPs.
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